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© An engine-operated generator system utilizes 
the switching elements of an inverter transformation 
circuit (2) to accomplish starting. The starter circuit 
includes a battery, one electrode of which is con- 
nected to one terminal of a smoothing capacitor (CD) 
connected between the DC terminals of the inverter 
transformation circuit in such a manner that the 
electrode and the terminal are of the same polarity. 
The other electrode is connected to one of the 
output terminals of an AC generator system through 
a switch (SW) which is closed to start the engine, 
and which is connected to a reactor forming an LC 
circuit In starting the engine, the rectifier circuit (1) 
is driven in an inverter transformation mode, one of 
the switching elements (QI4) in the inverter trans- 
formation circuit which is connected between the 
reactor and the one terminal of the smoothing ca- 
pacitor being driven in a chopper mode. The inverter 
transformation circuit is formed by bridge-connecting 
switching elements each having a flywheel diode. 
The same starting circuit may be used in connection 



with a DC generator, with or without the inclusion of 
a smoothing capacitor at the output of the DC gener- 
ator. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to engine-operated gen- 
erator systems, and more particularly to an engine- 
operated generator system in which the generator 
is driven as an engine starter. 

2. Description of Related Art 

Fig. 8 shows a main circuit and a starting 
control power source circuit in a conventional 
engine-operated generator system. The conven- 
tional engine-operated generator includes a three- 
phase AC generator AG driven by an engine EG; a 
rectifier circuit 1 having an inverter transformation 
function; an inverter transformation circuit 2; a 
smoothing electrolytic capacitor CD; a starting con- 
trol power source circuit 4; and a control circuit 5 
for controlling main circuit and the starting control 
power source circuit 4; a DC positive bus P of the 
main circuit; and a DC negative bus N of the main 
circuit. 

Rectifier circuit 1 includes bridge-connected 
transistors QR1 - QR6 each having a reverse con- 
ducting diode D1 and base electrodes b1 con- 
nected to receive control pulses S1 from circuit 5. 
When AC generator AG is driven by the engine EG 
for power generation, the six diodes D1, which 
together form a three-phase full-wave rectifier cir- 
cuit, rectify the three-phase outputs of the AC 
generator AG into DC outputs. 

The inverter transformation circuit 2 is made up 
of bridge-connected transistors QI1-QI4 each hav- 
ing a flywheel diode D2 and base electrodes b2 
connected to receive control pulses S2 from circuit 
5, thereby forming a pulse width modulation (PWM) 
system. The inverter transformation circuit 2 re- 
ceives the control pulses S2 from control circuit 5 
and converts the DC output into a single-phase AC 
signal when the AC generator AG is in operation. 
The single-phase AC power is outputted to AC 
terminals T01 and T02, where it is smoothed by an 
LC circuit made up of reactor Lo and capacitor Co. 

The output thus smoothed is applied to a load 
(not shown) through output terminals T01 and T02 
of the engine-operated generator system. When 
the AC generator AG is in operation, the six diodes 
D1, electrolytic capacitor CD, and inverter trans- 
formation circuit 2 form a voltage-control inverter. 

The starting control power source circuit 4 in- 
cludes a step up chopper circuit made up of a 
transistor QC, a reactor LCH, a diode DCH, and a 
battery BATT. In starting the generator system, the 
step up chopper circuit is driven by control circuit 
5 to apply a predetermined DC voltage to the 
electrolytic capacitor CD. In this operation, the 



bridge circuit formed by transistor QR1-QR6 of the 
rectifier circuit 1 receives control pulses S1 from 
control circuit 5 and performs an inverter operation 
to convert the DC voltages into three-phase AC 

5 voltages, which are supplied to the AC generator 
AG. As a result, the AC generator AG carries out 
power generation to start engine EG. The step up 
chopper circuit performs this chopping operation 
until the speed of the engine EG reaches a pre- 

10 determined value. When the speed of the engine 
EG reaches the predetermined value, the starting 
control power source circuit 4 stops its operation, 
while the inverter transformation circuit 2 starts the 
inverter transformation operation. Namely, in start- 

75 ing the generator system, the starting control pow- 
er source circuit 4, the electrolytic capacitor CD, 
and the bridge circuit of the transistors QR1-QR6 
form a voltage control inverter. 

The structure of the conventional system is 

20 descirbed in more detail. 

When the transistor QC of the step up chopper 
circuit is rendered non-conductive (off) by control 
circuit 5, the step up chopper circuit is connected 
to the electrolytic capacitor CD and the battery 

25 BATT as shown in Fig. 9. Therefore, no current 
flows in the step up chopper circuit. When the 
transistor QC is rendered conductive (on) by a 
control pulse S3 provided by control circuit 5, the 
voltage E of the battery is applied across the 

30 reactor LCH, so that a current flows as shown in 
Fig. 10. When the transistor QC is rendered non- 
conductive (off) while the current is flowing, the 
current flows to start the electrolytic capacitor CD 
as shown in Fig. 11. The operation described with 

35 reference to Fig. 10 and 11 is repeatedly carried 
out in order to supply the energy of the battery 
BATT to the electrolytic capacitor CD. 

The conventional system as described in con- 
nection with Figs. 8-11 has the following dis- 

40 advantages: as is apparent from the above descrip- 
tion, the starting control power source circuit 4 is 
essential in order to start engine EG in the conven- 
tional engine-operated generator system. Accord- 
ingly, the number of components is high, and the 

45 system tends to have a rather intricate circuit ar- 
rangement and is unavoidably bulky. Furthermore, 
the DC positive bus of the main circuit is different 
in potential than the positive terminal of the battery 
BATT, and the DC negative bus is different in 

so potential than the negative terminal of the battery, 
making it difficult to obtain a control voltage from 
the battery BATT with a common potential. 

SUMMARY OF THE INVENTION 

55 

Accordingly, it is an objective of the invention 
to eliminate the above-described difficulties accom- 
panying a conventional engine-operated generator 
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system. 

More specifically, it is an objective of the in- 
vention to provide an engine-operated generator 
system in which the above-described starting con- 
trol power source circuit is eliminated so that, when 
compared with the conventional engine-operated 
generator system, the number of components is 
reduced and the arrangement of the circuit is sim- 
plified, resulting not only in a reduction of the 
manufacturing costs but also in miniaturization of 
the generator system. 

These objectives of the invention are achieved 
by the provision of an engine-operated AC gener- 
ator system of the above type in which the engine 
starting DC voltage source has one electrode which 
is connected to one terminal of the smoothing 
capacitor in such a manner that the one electrode 
and the one terminal are of the same polarity, and 
the other electrode of the DC voltage source is 
connected to one of the system output terminals 
via a switch which is connected to the reactor of an 
output LC filter circuit. In starting the engine, the 
rectifier circuit is driven in an inverter transforma- 
tion mode, and one of the switching elements in 
the inverter transformation circuit which is con- 
nected between the reactor and the one terminal of 
the smoothing capacitor is driven in a chopper 
mode. 

In an alternative preferred embodiment of an 
engine-operated generator system of the present 
invention, the generator is a DC generator, DC 
voltage source has one electrode connected to one 
of the generator output terminals such that the one 
electrode and the generator output terminals are of 
the same polarity, the other electrode of the DC 
voltage source is connected, via a switch which in 
closed to start the engine, to said one of the 
system output terminals which is connected to re- 
actor of the LC circuit, and one of the switching 
elements in the inverter transformation circuit is 
connected between the output LC filter reactor and 
one terminal of the DC generator and is driven in a 
chopper mode during starting. 

In yet another aspect of the invention, the 
engine-operated generator system of the includes a 
DC generator and a smoothing capacitor connected 
between the output terminals of the DC generator. 
In this embodiment, one of the switching elements 
in the inverter transformation circuit which is con- 
nected between the LC filter reactor and one termi- 
nal of the smoothing capacitor is driven in a chop- 
per mode to start the engine. 

By utilizing the LC output filter reactor and an 
inverter transformation circuit switching element, 
each of the preferred engine-driven generator sys- 
tem arrangements eliminates the discrete chopper 
circuit which is essential for the conventional 
engine-operated generator circuit. In addition, the 



electrodes of the voltage source in each of the 
embodiments are connected so as to be equal in 
potential to one of negative and positive busses at 
the main power circuit of the engine-driven gener- 
s ator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram of an engine- 
70 operated generator system according to a first pre- 
ferred embodiment of the invention. 

Fig. 2 is a schematic diagram of an engine- 
operated generator system according to a second 
preferred embodiment of the invention. 
15 Fig. 3 is a schematic diagram of an engine- 
operated generator system according to a third 
preferred embodiment of the invention. 

Figs. 4 - 6 are schematic circuit diagrams 
showing the starting operation of the preferred 
20 engine-operated generator systems. 

Fig. 7 is a diagram showing the waveform of a 
current flowing in a reactor of the preferred engine- 
operated generator system when the engine is 
started. 

25 Fig. 8 is a circuit diagram showing the arrange- 

ment of a conventional engine-operated generator 
system. 

Figs. 9-11 are circuit diagrams showing the 
operation of a step up chopper circuit in the con- 
30 ventional engine-operated generator system. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

35 Fig. 1 shows an example of an engine-operated 
generator system according to the first preferred 
embodiment of the invention. In Fig. 1, reference 
character SW designates a switch. The positive 
terminal of a battery BATT is connected through 

40 the switch SW to one terminal of a reactor Lo, 
which is connected to a system output terminal 
T02. The negative terminal of battery BATT is 
connected to the negative terminal of an electro- 
lytic capacitor CD. The switch SW is held turned- 

45 off when AC generator AG is in operation. 

The preferred engine-operated generator sys- 
tem of Fig. 1, unlike the conventional engine-op- 
erated generator system shown in Fig. 8, has no 
step up chopper circuit. However, in the preferred 

so engine-operated generator system, the remaining 
components other than those involved in starting 
are essentially the same as those in the conven- 
tional engine-operated generator system of Fig. 8, 
and thus common elements are designated by the 

55 same reference numerals or characters. 

AC generator AG is driven as an engine starter 
as follows: before the start, all of the transistors 
QI1-QI4 in the inverter transformation circuit 2 are 
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rendered non-conductive (off), and the switch SW 
is closed with an "on" instruction from control 
circuit 5. As a result, the battery BATT charges the 
electrolytic capacitor CD, with the polarity shown in 
Fig. 4, through the reactor L0 and the diode D2 
connected to the transistor Q13, so that the termi- 
nal voltage of the electrolytic capacitor CD is raised 
to the voltage E of the battery BATT. After the 
electrolytic capacitor CD is initially charged in this 
manner, a step up chopper operation is carried out 
by turning on and off the transistor QI4 of the 
inverter transformation circuit 2. 

The chopper operation is described in more 
detail hereinafter. 

Fig. 7 shows the waveform of a current i Lo 
flowing in the reactor Lo. In Fig. 7, reference char- 
acter "E" designates the voltage of the battery 
BATT, V CD , the voltage of the electrolytic capacitor 
CD, and I the inductance of the reactor Lo. 

When the transistor QI4 is rendered conductive 
(on), current i on flows in the positive terminal of the 
battery BATT, reactor Lo, transistor QI4, and the 
negative terminal of the battery BATT, as shown in 
Fig. 5, so that energy is stored in the reactor Lo. 
When the transistor QI4 is thereafter rendered non- 
conductive (off), a current i off( as shown in Fig. 6 
flows in the positive terminal of the battery BATT, 
reactor Lo, reverse conducting diode D2 connected 
to the transistor QI3, electrolytic capacitor CD, and 
the negative terminal of the battery BATT in the 
stated order, thus charging the electrolytic capaci- 
tor CD. 

The above-described operations are repeatedly 
carried out, so that controlled DC voltages are 
supplied to the electrolytic capacitors CD in a con- 
trol mode. When this chopper operation starts, the 
bridge circuit of the transistors QR1 through QR6 
of the rectifier circuit 1 perform the inverter opera- 
tion to convert the DC voltages into three-phase AC 
voltages, which are applied to the AC generator 
AG. As a result, the AC generator AG operates as a 
motor, to start the engine EG. When the speed of 
the engine EG reaches a predetermined value so 
that the transistor QI4 stops the chopper operation, 
while the bridge circuit of the transistors QR1-QR6 
stops the inverter operation. Thereafter, the switch 
SW is turned off. Hence, the inverter transformation 
circuit 2 starts the inverter transformation operation. 

In the above-described embodiment, in starting 
the engine EG with the AC generator AG as engine 
starter, the step up chopper circuit is formed by 
the reactor Lo of the LC filter in the output circuit of 
the inverter transformation circuit 2, and one tran- 
sistor QI4 and one diode D2 of the inverter trans- 
formation circuit 2, and the battery BATT supplies 
the control DC voltages to the electrolytic capacitor 
CD through the step up chopper thus formed. 
Therefore, the engine-operated generator system 



of the invention can be formed without the dedi- 
cated step up chopper circuit shown in Fig. 8, 
eliminating the need for transistor QC, reactor LCH, 
and diode DCH. 

5 In the above described embodiment, one of the 

electrodes of the battery BATT is equal in potential 
to one of the buses of the main circuit. Therefore, 
the control circuit is greatly simplified. 

In the above described first embodiment, the 

70 engine operated generator system employs the AC 
generator AG. However, it will be appreciated by 
those skilled in the art that the invention is not 
limited thereto or thereby. The technical concept of 
the invention may be applied, with the same ef- 

75 fects, to engine-operated generator systems each 
employing DC generators DG instead of AC gener- 
ator AG as shown in Figs. 2 and 3, which illustrate 
second and third embodiments of the invention, 
respectively. 

20 The second and third embodiments are essen- 
tially identical to the first embodiment except that 
DC generator DG is substituted for AC generator 
AG and, consequently, the bridge circuit of transis- 
tors QR1-QR6 are not required. Furthermore, the 

25 embodiment shown in Fig. 2 does not include a 
separate smoothing capacitor, while the embodi- 
ment of Fig. 3 does include smoothing capacitor 
CD connected between the outputs of generator 
DG. 

30 It will be appreciated by those skilled in the art 

that, in the above-described embodiments, al- 
though the starting DC voltage source is illustrated 
as the battery BATT, other DC sources may be 
employed in place of the battery. 

35 Furthermore, in the above-described embodi- 
ments, the negative terminal of the battery BATT is 
connected to the negative terminal of electrolytic 
capacitor CD. However, it will be appreciated that 
the invention is not limited thereto or thereby. The 

40 same effect can be obtained by connecting the 
positive terminal of battery BATT to the positive 
terminal of electrolytic capacitor CD. 

Namely, in the engine-operated generator sys- 
tem of the present invention, the starting DC vort- 

45 age source is connected to the main circuit through 
the switch which is turned on to start the system, 
thereby to select the switching element and the 
diode of the main circuit. The switching element 
and the diode thus selected, and the reactor, are 

so utilized to supply the starting power from the start- 
ing DC voltage source. Hence, it is unnecessary to 
provide a starting control source circuit is addition 
to the main circuit. Accordingly, the engine-op- 
erated generator system according to the present 

55 invention is smaller in the number of components 
and simpler in circuitry than the conventional 
engine-operated generator system. In addition, in 
the system of the present invention, one of the 
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electrodes of the starting DC voltage source may 
be equal in potential to one of the DC buses of the 
main circuit, and therefore the control circuit can 
be simplified in organization, and the manufacturing 
cost can be reduced as much. 

Nevertheless, it will also be appreciated that 
numerous variations, in addition to those described 
above, may be made without departing from the 
principles of the invention, and therefore that the 
invention should be limited solely by the appended 
claims. 

Claims 

1. An engine-operated generator system, com- 
prising: 

an AC generator driven by an engine; 

means including a rectifier circuit having 
an inverter transformation function for rectifying 
an AC output of said AC generator; 

a smoothing capacitor connected between 
DC terminals of said rectifier circuit; 

an inverter transformation circuit whose DC 
terminals are connected to said smoothing ca- 
pacitor; 

a LC circuit connected to AC terminals of 
said inverter transformation circuit and to out- 
put terminals of said system, one of said out- 
put termianls being connected to a reactor of 
said LC circuit; and 

an engine starting DC voltage source hav- 
ing two electrodes, 

wherein said inverter transformation circuit 
is formed by bridge-connected switching ele- 
ments each having a flywheel diode. 

2. An engine-operated generator system as 
claimed in claim 1, wherein one electrode of 
said engine starting DC voltage source which 
is connected to one terminal of said smoothing 
capacitor such that said one electrode and said 
one terminal are of the same polarity, the other 
electrode of said DC voltage source being con- 
nected, via a switch which is closed to start 
said engine, to said one of said output termi- 
nals which is connected to said reactor of said 
LC circuit. 

3. An engine-operated generator system as 
claimed in any one of claims 1 and 2, wherein 
said rectifier circuit is arranged to be driven in 
an inverter transformation mode, and one of 
said switching elements in said inverter trans- 
formation circuit which is connected between 
said reactor and said one terminal of said 
smoothing capacitor arranged to be driven in a 
chopper mode to start said engine. 



4. An engine-operated generator system, com- 
prising: 

a DC generator driven by an engine and 
having two generator output terminals; 
5 an inverter transformation circuit connect- 

ed to said two generator output terminals and 
having two DC terminals; 

a LC circuit connected to said DC termi- 
nals of said inverter transformation circuit and 
10 to system output terminals, one of said system 

output terminals being connected to a reactor 
of said LC circuit; and 

an engine starting DC voltage source hav- 
ing two electrodes, 
15 wherein said inverter transformation circuit 

is formed by bridge-connected switching ele- 
ments each having a flywheel diode. 

5. An engine-operated generator system as 
20 claimed in claim 4, wherein one electrode of 

said engine starting DC voltage source which 
is connected to one terminal of said smoothing 
capacitor such that said one electrode and said 
one terminal are of the same polarity, the other 
25 electrode of said DC voltage source being con- 

nected, via a switch which is closed to start 
said engine, to said one of said output termi- 
nals which is connected to said reactor of said 
LC circuit. 

30 

6. An engine-operated generator system as 
claimed in claim 4, wherein one of said switch- 
ing elements in said inverter transformation 
circuit which is connected between said reac- 

35 tor and said one terminal of said DC generator 

is arranged to be driven in a chopper mode to 
start said engine. 

7. An engine-operated generator system as 
40 claimed in claim 5, wherein one of said switch- 
ing elements in said inverter transformation 
circuit which is connected between said reac- 
tor and said one terminal of said DC generator 
is arranged to be driven in a chopper mode to 

45 start said engine. 

a An engine-operated generator system as 
claimed in any one of claims 4 to 7, wherein 
smoothing capacitor is connected between 
so said generator output terminals of said DC 

generator. 
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